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Tr ibo luminescence  (TL) i s  t h e  emission of l i g h t  which occurs when a so l id  i s  
subjected to  some form of "s t ress . "  Although t h e  phenomenon was named f o r  t he  Greek 
root  f o r  the verb  "to rub"(1). i t  i s  now known t h a t  mechan ica l  a c t i o n  o t h e r  t h a n  
g r i n d i n g .  s c rapp ing  or rubb ing  w i l l  i n i t i a t e  t r i b o l u m i n e s c e n c e .  I t  has  been 
observed tha t  s t a t i c  e l e c t r i f i c a t i o n .  exposure t o  l i g h t .  t h e  motion of a f l u i d  (most 
notably mercury) over t he  s u r f a c e .  t he rma l  shock and t h e  r e l e a s e  of absorbed  or 
a d s o r b e d  g a s e s  c a n  p r o v i d e  s u f f i c i e n t  ene rgy  t o  induce  TL i n  a s o l i d  ( 2 ) .  
Furthermore. a l t h o u g h  l i g h t  emis s ion  h a s  been  a s s o c i a t e d  l a r g e l y  w i t h  o r g a n i c  
c r y s t a l l i n e  m a t e r i a l s ,  r e c e n t  r e s e a r c h  has  shown t h a t  some rock  m i n e r a l s  a l so  
d isp lay  triboluminescent p rope r t i e s  (3.4). 

It has been repor ted  t h a t  TL i s  f requent ly  observed t o  occur i n  ma te r i a l s  which 
a l so  g ive  r i s e  t o  a photo luminescence  (PL) spec t rum.  b u t  PL i's n o t  a necessa ry  
c h a r a c t e r i s t i c  fo r  TL behavior ( 2 ) .  There i s  an ex tens ive  body of l i t e r a t u r e  on t he  
s u b j e c t  of TL. b u t  t o  d a t e  n e i t h e r  t h e  exact o r i g i n ( s )  nor t h e  mechanism(s) of TL 
have been de l inea ted  p rec i se ly .  Inves t iga to r s  have most commonly s t u d i e d  t h e  r o l e  
of c r y s t a l  f r ac tu re s ,  p l a s t i c  and e l a s t i c  deformations. p a r t i c l e  s ize .  the  presence 
or a l t e r a t i o n  of c r y s t a l  d e f e c t s .  and /o r  t h e  p r e s e n c e  of i m p u r i t i e s  f o r  t h e i r  
p o t e n t i a l  r e l a t ionsh ip  t o  TL ( 6 ) .  

Coyne e t  a l .  were t h e  f i r s t  to repor t  t ha t  dehydration of some c lay  minerals 
r e s u l t s  i n  tr iboluminescence (4) .  That work a l s o  r e v e a l e d  t h a t  i n  a d d i t i o n  t o  a 
burs t  of photons. a continued r e l e a s e  of measurable energy was recorded f o r  periods 
of time a s  long a s  severa l  days (4.5). 

Coyne's work prompted us t o  i n v e s t i g a t e  TL p rope r t i e s  i n  coal i n  s p i t e  of i t s  
n o n - c r y s t a l l i n e  s t r u c t u r e .  Coal i s  f r e q u e n t l y  under la in  wi th  c lay  beds and clay 
minera ls  a r e  t h e  most common i n o r g a n i c  components i n  c o a l .  Because  c o a l  i s  a 
complex  and  a n o t o r i o u s l y  v a r i a b l e  s u b s t r a t e .  i t  was d e s i r a b l e  t o  t e s t  i t s  
luminescent p rope r t i e s  under t h e  s i f p l e s t  f f  c o n d i t i o n s .  Coyne's work h a s  shown 
tha t  dehydration causes s u f f i c i e n t  upon t h e  c lay  s t r u c t u r e  to s t imu la t e  TL. 
and i s  a p rocess  t h a t  c a n  e a s i l y  be achieved using a common des iccant  (4 ) .  Since 
t h e  porous coa l  s t r u c t u r e  makes it poss ib l e  f o r  l i q u i d s  t o  be imbibed i n t o  the  pores 
a s  well  a s  t o  adhere t o  t h e  sur face  of t h e  macromolecule, i t  was decided t o  monitor 
TL from c o a l  when wa te r  was removed from coal  prev ious ly  suspended i n  water i n  a 
manner analogous t o  t h a t  described by Coyne (4 ) .  The primary f o c u s  o f  t h i s  s tudy .  
then .  was t o  de t e rmine  whether  TL cou ld  be  obse rved  i n  c o a l  when m o i s t u r e  was 
removed from it. and whether any photon emission obse rved  cou ld  be  r e l a t e d  t o  t h e  
mineral  matter content of t h e  coa l .  A s  f a r  a s  i s  known. t h i s  r epor t  marks the  f i r s t  
d i s c o v e r y  t h a t  c o a l ,  a complex but  c l e a r l y  a n  amorphous s o l i d .  does  e x h i b i t  
pronounced triboluminescence when an  aqueous s l u r r y  i s  subjected t o  dehydration. In 
addi t ion  t o  studying t h e  e f f e c t s  of mineral  mat te r  content on c o a l  TL. t h i s  r e p o r t  
includes da ta  on t h e  e f f e c t  of p a r t i c l e  s i z e  on coa l  tr iboluminescence. 

stress 

EXPERIMENTAL 

Two coa ls  have been used throughout t h i s  study. Both a r e  Western Kentucky hvB 
coa l s  obtained from t h e  Western Kentucky U n i v e r s i t y  Center  f o r  Coal  Sc ience .  A 
summary of t h e  ana lys i s  of both coa ls  i s  given i n  Table I. It should be noted tha t  
t hese  two coa l s  were se l ec t ed  because  of  t h e  wide  d i v e r g e n c e  i n  t h e  a s h  c o n t e n t  
which i s  represented. 
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In t h e  i n i t i a l  s e r i e s  of t r i a l s  t o  determine TL. -60 mesh coa l  was mixed (20% 
by weight) wi th  wa te r  a n d  mic ron ized  i n  a Union P r o c e s s  Model 1-S s t i r r e d  b a l l  
a t t r i t o r  m i l l  f o r  2 hours.  For determinations of t he  e f f e c t  of p a r t i c l e  s i z e  on TL. 
120 g of -60 mesh c o a l  6 8 5 0 9 8  ( h i g h  a s h )  and  480 g wa te r  were p l aced  i n  t h e  
a t t r i t o r  m i l l .  The microniza t ion  process was timed. and a t  pre-determined in t e rva l s  
t h e  rabble  arm was stopped long enough t o  withdraw approximately 5 mL of t h e  c o a l -  
water s l u r r y .  Table I1 summarizes t h e  p a r t i c l e  s i z e  reduct ion  wi th  mi l l i ng  time f o r  
such  a s l u r r y .  P a r t i c l e  s i z e  d e t e r m i n a t i o n s  were made u s i n g  a Spectrex SP-410 
p a r t i c l e  s i z e  analyzer.  

Table I1 

P a r t i c l e  S ize  Reduction wi th  Short-term Mil l ing  of Coal %024* 

Mil l ing  - %r +325 meah % -325 ueah 

0 12.3 
.5 13 .O 
1 17.9 
2 11 .o 
4 2.6 

39.0 
58.8 
69.2 
86.7 
97 . I  

* C o a l h 6 0 2 4  i s  a hvBb coa l  s imi l a r  t o  the982089 used i n  
t h i s  work (7 ) .  

Triboluminescence of  t h e  coa l  v a s  measured a s  a func t ion  o f  d e s i c c a t i o n  w i t h  
t i m e .  Photon o u t p u t  was mon i to red  u s i n g  a Beckman LS-1OOSC l iqu id  s c i n t i l l a t i o n  
c o u n t e r  o p e r a t i n g  i n  t h e  t o t a l  photon  mode w i t h  a 50 - 1,000 window on t h e  
d i s c r i m i n a t o r .  and f u l l  g a i n .  Data was r e g i s t e r e d  a s  counts per minute and was 
p r in t ed  on a paper tape  a t  pre-se t  i n t e r v a l s .  Typically.  da ta  was co l l ec t ed  a t  0.5 
min in t e rva l s  f o r  2 minutes and a t  1 min i n t e r v a l s  t h e r e a f t e r  f o r  periods a s  long a8 
700 min. The c o a l  s l u r r y  was appl ied  a s  a uniform coa t ing  about 2.5 cm high around 
t h e  c e n t e r  o f  t h e  i n s i d e  of  a s t a n d a r d  g l a s s  l i q u i d  s c i n t i l l a t i o n  v i a l .  Blue 
(" indica t ing")  CaSO vas poured  i n t o  t h e  v i a l  t o  a d e p t h  of about  1 cm b e f o r e  
a p p l y i n g  t h e  c o a l  sku r ry .  The amount of  sample appl ied  t o  the  v i a l  was determined 
d i r e c t l y  by weighing. The t o t a l  sample weight ranged from 60 - 200 mg. o r  from 12  - 
40 mg coal.  The v i a l  conta in ing  the  sample and des iccant  was capped and wiped wi th  
a damp t i s s u e  b e f o r e  b e i n g  p l aced  i n  t h e  c o u n t i n g  w e l l .  The d e t e r m i n a t i o n  of 
background a c t i v i t y  and t h e  photon emission of t h e  coa l  s l u r r y  i n  the  absence of t he  
des iccant  was determined by omi t t ing  the  coa l .  t h e  desiccant.  o r  both. from t h e  v i a l  
before  monitoring the  photon emission. 

RESULTS AND DISCUSSION 

Figure 1 shows a p o r t i o n  of the  photon output  for the*82089 low ash coa l  which 
had heenmicronized f o r  2 hours (mean p a r t i c l e  s i z e  abou t  5 microns)  and was t h e n  
dehydrated wi th  CaS04 i n  a c losed  s c i n t i l l a t i o n  v i a l .  Figure 2 shows two addi t iona l  
t r i a l s  f o r  t h e  same c o a l  u s i n g  d i f f e r e n t  sample s i z e s .  It i s  apparent from the  
recorded counts p e r  minu te  t h a t  t r i b o l u m i n e s c e n c e  does  occur  i n  t h i s  c o a l  upon 
d e h y d r a t i o n .  These  g r a p h s  show t h a t  t h e  i n t e n s i t y  of t h e  maximum luminescence i s  
not a s  s ens i t i ve  t o  t h e  s i z e  of t h e  sample a s  t h e  t i m e  o f  d r y i n g  b e f o r e  on-se t  of 
t he  emission is. For t h e  87 mg and t h e  101 mg samples a small  emission occurs  a t  22 
and 37 .5  min. r e s p e c t i v e l y .  fo l lowed  by a l a r g e r  and a more gradual ly  decaying 
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emission maximum a t  60  and 6 9 . 5  min. respec t ive ly .  For t h e  164  mg sample. only one 
emis s ion  peak was observed  and it  d i d  no t  occur  u n t i l  an elapsed drying time of 
105.5 min. The background, which i s  not shown on t h e  graphs. was 7.200 +/- 200 cpm 
throughout t he  period monitored. 

The s igni f icance  of t he  apparent delay i n  the  appearance of t h e  emission i s  not  
ce r t a in  a t  t h i s  time. The t i m e  p lo t t ed  on t h e  graphs has not been cor rec ted  f o r  t h e  
time which elapsed from t h e  prepara t ion  of  t h e  sample  t o  i n i t i a t i o n  of c o u n t i n g .  
However. t h i s  d i d  no t  va ry  from sample t o  sample by more than 2 - 3 minutes and 
c l ea r ly  does not accoun t  f o r  t h e  d i f f e r e n c e s  obse rved  f o r  t h e s e  samples .  With 
inc reased  sample s i z e  t h e r e  i s .  of course. more t o t a l  water present.  The moisture 
content a t  peak emission could not be determined f o r  t hese  samples. An a l t e r n a t i v e  
sample configuration. i n  which t h e  des iccant  i s  held i n  t h e  center  of t h e  v i a l  i n  a 
tube punctured wi th  holes. w i l l  be tea ted .  It i s  believed t h a t  such a conf igura t ion  
may dry t h e  coal more uniformly and w i l l  pe rmi t  t h e  d e s i c c a n t  t o  be removed and 
weighed a t  any t i m e .  It w i l l  then be poss ib l e  also t o  monitor t h e  change i n  weight 
of the  desiccant and of t h e  sample. permi t t ing  a c o r r e l a t i o n  t o  be made between t h e  
moisture content and photon emission. 

The decrease i n  t h e  i n t e n s i t y  of l i g h t  re leased  was expected t o  decrease a s  t h e  
f i l m  t h i c k n e s s  was i n c r e a s e d  because  of i n c r e a s e d  s e l f - a b s o r p t i o n  o r  increased  
sca t t e r ing .  The da ta  shows t h a t  t h i s  does occur. 

Figure 3 shows a s i m i l a r  p a t t e r n  of  d e c r e a s e d  i n t e n s i t y  and a longe r  t ime  
before the  onset of t he  photon emission with increas ing  sample s i z e  f o r  the  * 8 5 0 9 8  
high ash coal.  When t h e  same sample s i z e  (87  mg) was used f o r  bo th  c o a l s .  t h e  
in t ens i ty  of t he  f i r s t  emission peak i s  s u b s t a n t i a l l y  l a rge r  i n  t h e  high ash sample. 
wh i l e  t h e  i n t e n s i t y  of t h e  second emission peak i s  near ly  the  same f o r  both coa l s .  
Coyne reported t h a t  mul t ip le  peaks were f requent ly  obse rved  i n  TL measurements on  
kaol in i tes .  but appeared to  be only a r t i f a c t s  from non-uniform sample app l i ca t ion  or 
va r i a t ion  i n  p a r t i c l e  s i z e  d i s t r i b u t i o n  ( 4 ) .  There i s  no j u s t i f i c a t i o n  a t  t h i s  time 
f o r  d i s c o u n t i n g  t h e  s m a l l e r  emis s ion  peak obse rved  f o r  t h e s e  c o a l s .  however.  
Because of the  heterogeneous n a t u r e  of c o a l .  t h e  p o s s i b i l i t y  does  e x i s t  t h a t  TL 
r e l a t e d  t o  o r g a n i c  c o n s t i t u e n t s .  o r  adsorbed  gases .  a s  w e l l  a8 t o  i n o r g a n i c  
components i s  being observed. or  t h a t  TL r e l a t e d  t o  more t h a n  one  of  t h e  m i n e r a l  
cons t i t uen t s  i s  giving r i s e  t o  a second emission s igna l .  Additional d a t a  a r e  needed 
t o  r u l e  o u t  any of t h e s e  p o s s i b i l i t i e a  and t o  draw a d e f i n i t e  c o r r e l a t i o n  between 
t h e  f i r s t  emission peak and t h e  ash content of t h e  coa l .  

Table 111 summarizes the  da t a  from samples  o b t a i n e d  by wi thdrawing  a l i q u o t 8  
from the  s t t r i t o r  m i l l  a t  timed in t e rva l s .  

Table 111 

Effec t  of Mill ing on Duration 6 In t ens i ty  of Luminescence of High Ash Coal 

M i l  1 ing  Sample Area Duration CPM 
time, min. W t . .  mg under peak of peak, min. a t  max. 

( t ime t o  max.) 

8 99 
16 99 
32 80 
6 4  80 

128 125 

a2 
81 
6 8  
43 
17 

6 3  ( 3 1 )  22.490 
3 2  ( 4 2 )  20.110 
39 ( 3 0 )  24.180 
28 (18) 25.400 
22 (20) 13.420 

There does  no t  appear  t o  be any d i r e c t  c o r r e l a t i o n  between the  t o t a l  mi l l i ng  time 
and e i t h e r  t he  time of onse t  of t h e  l i g h t  e m i s s i o n  o r  t h e  i n t e n s i t y  of  t h e  l i g h t  
re leased  a t  t he  peak maxima. It i s  apparent. however. t h a t  t h e  o v e r a l l  dura t ion  of 
t h e  emission i s  r e l a t ed  t o  some property of t h e  coa l  a f f ec t ed  by t h e  m i l l i n g  t i m e .  
Our o r i g i n a l  h y p o t h e s i s  was t h a t  t h e  dehydra t ion  was i n i t i a t i n g  TL by permi t t ing  
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some "relaxation" i n  t h e  coa l  s t ruc tu re .  perhaps pore shr inkage.  and t h a t  TL would 
b e  maximized a t  some c r i t i c a l  p a r t i c l e  s i ze .  Table I1 shows t h a t  a f t e r  4 minutes 
mil l ing t i m e  v i r t u a l l y  a l l  o f  t h e  coa l  has been r educed  t o  -325 mesh ( l e s s  t han  5 
microns ) .  Thus,  p a r t i c l e  s i z e  a lone can not  be giving r i s e  t o  t h e  photon emission 
pa t t e rn  recorded f o r  t h e s e  samples .  The most  unexpec ted  o b s e r v a t i o n  about  t h e  
e f f e c t  of  m i l l i n g  o n  c o a l  i s  t h e  a l t e r a t i o n  of i t s  apparent dens i ty  with extended 
mill ing.  It  was r epor t ed  t h a t  a f t e r  4 m i n u t e s  m i l l i n g  more t h a n  50% of  t h e  c o a l  
s i n k s  i n  a 1.3 s p e c i c  g r a v i t y  media ( 7 ) .  The discussion and t h e  explanation for 
t hese  observat ions i s  t h e  s u b j e c t  o f  a n o t h e r  s t u d y  b e i n g  c a r r i e d  o u t  a t  Western 
Kentucky U n i v e r s i t y .  For t h i s  i n v e s t i g a t i o n .  i t  i s  c l e a r  t h a t  t h e  observed TL 
behavior i s  not r e l a t e d  t o  t h e  i n t e r n a l  pore s t ruc tu re .  which i s  r ap id ly  compressed 
and almost completely destroyed by mi l l i ng  longer than 1 5  minutes (7 ) .  

CONCLUSIONS 

To d a t e  t h i s  study has shown t h a t  coa l  e x h i b i t s  t r iboluminescent  behavior when 
an aqueous s l u r r y  i s  subjected t o  dehydration. The luminescence  d a t a  i s  complex. 
Both t h e  h i g h  a s h  and  t h e  low ash  c o a l  exh ib i t ed  a delayed bu r s t  of  photons. I n ,  
some c a s e s  o n l y  one  e m i s s i o n  maximum was o b s e r v e d  w h i c h  c o n t i n u e d  t o  d e c a y  
mono ton ica l ly  f o r  s e v e r a l  hour s .  The t ime and t h e  i n t e n s i t y  of t he  emission were 
r e l a t ed  t o  t h e  sample s ize .  and may be a t t r i b u t e d  t o  t h e  t o t a l  moisture  content.  In 
o the r  cases. two d i s t i n c t  emission events  were observed. Both peaks  were a f f e c t e d  
by t h e  sample s i z e .  Although it has been reported t h a t  extended mi l l i ng  e f f ec t ive ly  
d e s t r o y s  t h e  p o r e  s t r u c t u r e .  tr iboluminescence i s  not  eliminated when the  coal  is 
micronized. This suggests  t h a t  t h e  observed TL i s  a su r face  phenomenon r a the r  than 
one  r e l a t e d  t o  a l t e r a t i o n  of t h e  pore s t r u c t u r e .  No c l e a r  c o r r e l a t i o n  can be made 
regarding t h e  e f f e c t  o f  ash content on tr iboluminescence i n  coa l .  Work in  progress 
w i l l  address both t h e  e f f e c t  of ash content  and t h e  e f f e c t  of v a r i a t i o n s  i n  moisture 
c o n t e n t  on TL b e h a v i o r  i n  more d e t a i l .  The determinat ion of t h e  wavelenght(6) of 
photons emitted w i l l  a l s o  be attempted. 
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Table 1 

Characterization of Coals 

82089 85098 
Butler Co. KY #ll/Muhlenburg Co. 

* 
I . D .  
Seam/ County 

Proximate 

Moisture 
Ash 
Volatile matter 
Fixed carbon 

U1 t ima te 

Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Oxygen(diff .) 

Apparent rank 
Major Inorganics 

** 

*** 

sioz 
CaO 
Fe203 

K O  

A1203 

Mgo 

4 0 5  

5.8 
3.17 
45.25 
51.57 

4.31 
18.96 
34.72 
46.30 

79.09 63.22 
5.73 4.35 
1.6 1.28 
1.08 5.96 
9.3 6.19 

hvB-B hvB-A 

19.93 
2.76 
32.42 
1.51 
1.13 
7.8 

(33-est .) 

* 
** 

*** 

Accession, WKU Center for Coal Science 
Moisture as-determined; other values reported on dry basis 

Using as-determined moisture 
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Figure 3. Effect of Sample Size on Luminescence of High Ash Coal, 20% in H20 
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